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(57) ABSTRACT

A pressure sensor is provided with a carrier (2), which in an
inner region includes a membrane (4) on which at least one
first measurement element (R, ) for detecting a pressure
impingement of the membrane (4) is arranged. Additionally,
at least one second measurement element (R,_) for detecting
a pressure impingement of the membrane (4) is arranged on
the membrane. The first measurement element (R, _) and the
second measurement element (R;_) are arranged distanced
differently far from the edge of the membrane. The output
signals of the first and the second measurement element (R, _,
R;_) are evaluated together in a manner such that the two
measurement elements (R;_, R;_) detect a differential pres-
sure acting on the membrane (4), and thereby compensate the
influence of the system pressure acting on both sides of the
membrane (4).

16 Claims, 13 Drawing Sheets




US 7,823,456 B2

Page 2

U.S. PATENT DOCUMENTS

2004/0015282 Al
2004/0020305 Al

1/2004 Babala et al.
2/2004 Kurtz et al.

2004/0187588 Al
2005/0081637 Al
2006/0219021 Al
2007/0113665 Al

9/2004
4/2005
10/2006
5/2007

Miyazawa
Kurtz et al.
Kurtz et al.
Johnson



U.S. Patent Nov. 2, 2010 Sheet 1 of 13 US 7,823,456 B2




U.S. Patent Nov. 2, 2010 Sheet 2 of 13 US 7,823,456 B2




U.S. Patent Nov. 2, 2010 Sheet 3 of 13 US 7,823,456 B2

Fig. 3
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Fig. 8
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Fig. 10
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Fig. 12
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1
PRESSURE SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 11/575,829, filed on Aug. 2, 2007,
currently pending, entitled “Pressure Sensor,” which is a Sec-
tion 371 of International Application No. PCT/EP2005/
008550, filed Aug. 6, 2005, which was published in the Ger-
man language on Apr. 6, 2006, under International
Publication No. WO 2006/034751 Al, the entire contents of
all of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The invention relates to a pressure sensor, in particular to a
differential pressure sensor.

Such apressure sensor is for example known from EP 0083
496 B 1 or from the European Patent application 03 015 055.
These differential pressure sensors are formed from a semi-
conductor substrate, which is thinned in an inner region into
a membrane. Four measurement resistances are arranged in
this inner region, which are connected into a measurement
bridge, so that one may detect the pressure prevailing on both
sides of the membrane as a differential pressure by way of the
deformation of the membrane.

It is furthermore known from the mentioned state of the art
to arrange additional compensation resistances on the semi-
conductor substrate which surrounds the membrane as a car-
rier and which does not deform under the action of the differ-
ential pressure, in order to eliminate influences caused by
temperature, as well as influences of the system pressure
which prevails on both sides of the membrane and which acts
on the periphery of the membrane on the end-sides of the
carrier.

This construction however has disadvantages. Thus, the
compensation resistances on the substrate must be arranged
as far as possible from the membrane, in order to exclude
influences on the compensation resistances due to the difter-
ential pressure acting on the membrane. This enlarges the
construction of the pressure sensor. Since the compensation
resistances are not subject to any influence of the differential
pressure, when they are connected to the measurement resis-
tances on the membrane, they increase the total resistance of
the circuit in a purely passive manner; by which means the
measurement accuracy for measuring the differential pres-
sure is worsened.

BRIEF SUMMARY OF THE INVENTION

It is therefore the object of the invention to provide an
improved pressure sensor with increased measurement accu-
racy and a small construction. This object is achieved by a
pressure sensor with the features specified in claim 1. Pre-
ferred embodiments are to be deduced from the dependent
claims, the description and the figures.

The pressure sensor according to the invention comprises a
carrier which for example consists of a semiconductor sub-
strate, and a membrane is formed in its inner region. This
membrane in the known manner, may be formed as one piece
with the carrier by thinning the semiconductor substrate in the
middle region. A first measurement element is arranged on
the membrane for detecting a deformation by way of pressure
impingement of the membrane. The measurement element
may for example be a measurement resistance which func-
tions in a piezoresistive manner. Such measurement resis-
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tances may, in the known manner, be formed by way of
doping the semiconductor material in the membrane itself, in
order to detect stresses or strains in the membrane. For
example, a silicon monocrystal with surfaces in the <100>-
level may be applied as a semiconductor substrate. The mea-
surement resistances or strain recorders are preferably
formed in the membrane with n-doping. Alternatively, in the
known manner, a measurement element reacting to strain is
deposited onto the surface of the membrane. A strain mea-
surement strip of polysilicon may be used for example.
According to the invention, apart from the first measurement
element, at least one second measurement element is pro-
vided, which is likewise arranged on or in the membrane. This
measurement element may be designed in the semiconductor
material of the membrane itself, according to the first mea-
surement element, or arranged as a measurement element on
the membrane surface. This measurement element is also
arranged such that it serves for detecting a pressure impinge-
ment of the membrane. The membrane deforms with a pres-
sure impingement, which may be detected by the first and
second measurement element in the form of strains or
changes of stresses in the membrane, or on the membrane
surface.

According to the invention, the first and the second mea-
surement element are arranged on the membrane, such that
the first measurement element and the second measurement
element are distanced differently far from the edge of the
membrane. This means that one measurement element lies
closer to the edge of the membrane, whilst the other measure-
ment element is situated closer to the centre of the membrane.
The output signals of the first and second measurement ele-
ment, for example resistance changes of the first and second
measurement element, are evaluated in a common manner,
such that the two measurement elements together detect a
differential pressure acting on the membrane, i.e. the pressure
difference between the pressures prevailing on both mem-
brane surfaces, and thereby simultaneously compensate the
influence of the system pressure acting on both sides or sur-
faces of the membrane. A pressure difference between the two
sides or the two opposite surfaces of the membrane leads to a
deflection of the membrane towards one side, which may be
detected by the two measurement elements in the form of
strain changes or stress changes. If such a pressure sensor is
arranged in a system, for example a hydraulic system, a
system pressure further acts on both sides of the membrane
and the surrounding carrier, which may adulterate the mea-
surement result. The influence of the system pressure may be
compensated by way of the inventive arrangement of the first
and second measurement element and the evaluation of their
output signals.

This compensation is based on the recognition that the
differential pressure acting on the membrane, in the edge
region of the membrane and in the middle- or central region of
the membrane, produces stresses or stress changes with a
different polarity and with essentially the same amplitudes.
The influence of the system pressure which acts equally on
both sides of the membrane and on the end-sides of the carrier
on the periphery of the membrane, however causes stresses or
stress changes in the central- and edge region of the mem-
brane, which have amplitudes of essentially the same magni-
tude and the same polarity. There is a neutral region between
the central- and edge region, in which no stresses or defor-
mations may be detected on account of the influence of the
differential pressure. These different influences of differen-
tial- and system pressure on the deformation or occurring
stresses of the membrane permit the compensation of the
influence of the system pressure on the differential pressure
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measurement by way of a suitable arrangement of the mea-
surement elements on the membrane, and a suitable evalua-
tion or circuiting of the output signals of the measurement
elements. For this, the two measurement elements are
arranged in the regions the membrane which react differently
to the pressures, i.e. distanced to the edge of the membrane to
a different extent.

According to the invention, thus one may do away with
compensation resistances arranged on the substrate. This, on
the one hand permits the pressure sensor to be designed
smaller, since the substrate, or the carrier does not have to be
designed so large, that the compensation resistances may be
arranged adequately far from the membrane. Furthermore,
the arrangement according to the invention has the advantage
that the first as well as the second measurement element react
to deflections of the membrane on account of changes of the
differential pressure. This means that both measurement ele-
ments actively take part in the measurement of the differential
pressure. There are no longer any compensation resistances
which are merely provided for compensating the system pres-
sure, but do not react to the differential pressure. In this
manner, the passive resistance in the circuit is reduced on
differential pressure measurement, so that higher measure-
ment accuracy is achieved.

Advantageously, the at least one first measurement element
is arranged in an edge region of the membrane, and the at least
one second measurement element is arranged in a central
region or in a neutral region of the membrane which is situ-
ated between the edge- and central region. Alternatively, in a
further preferred arrangement, the at least one second mea-
surement element is arranged in a central region of the mem-
brane, and the at least one first measurement element is
arranged in an edge region or in a neutral region of the
membrane which is situated between the edge region and the
central region. This arrangement ensures that the first and the
second measurement elements are distributed on the mem-
brane, such that the influence of the system pressure on the
output signals of the two measurement elements is different.
In the case that the first measurement element or the first
measurement elements are arranged in the edge region of the
membrane, and the second measurement element or the sec-
ond measurement elements are arranged in the central region
of'the membrane, the stresses or stress changes occurring on
account of the system pressure and are detected by the first
and the second measurement elements, have the same polar-
ity, whilst the stress changes have different polarities on
account of the differential pressure at both measurement ele-
ments or both groups of measurement elements. If one of the
measurement elements is arranged in the neutral region, the
differential pressure has no influence on this measurement
element whatsoever, whilst it has an influence on the other
measurement element or the other groups of measurement
elements which are arranged outside the neutral region. How-
ever, the system pressure which acts on the membrane also
has an influence on the measurement element in the neutral
region of the membrane. It is thus possible with a suitable
circuiting of the output signals of the first and second mea-
surement elements or by way of the suitable evaluation of the
exit signals, to detect the differential pressure and the system
pressure or to compensate the influence of the system pres-
sure on the detected differential pressure between both sides
of the membrane.

In each case four first measurement elements and four
second measurement elements are advantageously arranged
on the membrane, which are connected to one another into a
bridge circuit. This means that in each case the four first
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measurement elements and the four second measurement
elements are circuited to one another in a preferably common
bridge circuit.

The four first and the four second measurement elements
thereby are preferably in each case designed or arranged, such
that two of them have an output signal with a positive polarity
and two of them have an output signal with a negative polarity.
This means two first measurement elements have an exit
signal with a positive polarity, and two second measurement
elements have an output signal with a negative polarity.
Accordingly, two second measurement elements could have
an output signal with a positive polarity, and the two other
second measurement elements an output signal with a nega-
tive polarity. This arrangement permits a simple common
evaluation of the output signals of the first and second mea-
surement elements. Thus in a bridge circuit, in which the first
and second measurement elements are circuited to one
another, for example in a Wheatstone bridge circuit, the out-
put signals with a negative polarity may be very easily sub-
tracted from the output signals with a positive polarity. One
does away with complicated evaluation electronics which
carry out these computation operations, and rather, the nec-
essary additions and subtractions may be realised in a very
simple manner in a simple bridge circuit, in which for
example accordingly the resistance changes of the measure-
ment elements may be subtracted from one another on
account of their different polarities.

The output signals with different polarities may either be
achieved by way of a different design or different arrange-
ment of the measurement elements. With piezoresistive mea-
surement elements which may be produced by way of doping
the semiconductor material of the membrane in this, a change
in the polarity of the output signal may be achieved by way of
arranging two measurement elements rotated by 90° to the
two other measurement elements, in the plane of the mem-
brane. The measurement elements produced by doping
always detect a total stress condition at the respective mem-
brane location. This means that the measurement elements
rotated by 90° also detect the same total stress condition as the
other measurement elements, only their output signal has a
reverse polarity. With the use of strain measurement elements
which are deposited onto the membrane surface, for example
bonded on, it is possible to use different strain measurement
elements, specifically two strain measurement elements,
which with a strain have an output signal with a positive
polarity, and two measurement elements which with com-
pression have an output signal with a positive polarity. Ifthese
strain measurement elements are arranged in the same direc-
tion, i.e. along the same axis of the membrane, they detect the
same strain changes ofthe membrane in this direction, but the
measurement element which on compression delivers a posi-
tive output signal, will have an output signal with a reverse
polarity compared to the measurement element which on
compression has a positive polarity.

The membrane is furthermore preferably designed such
that along a first axis, it has different deformation behaviour
with a pressure impingement than along a second axis extend-
ing normally to the first axis. This arrangement is advanta-
geous with the use of bi-directional measurement elements,
i.e. of measurement elements which detect a total stress con-
dition in both axis directions of the membrane plane. By way
of'a design in a manner such that the membrane has different
deformation behaviour along its two axes normal to one
another, in particular one succeeds in the influence of the
system pressure on the deformation or stresses of the mem-
brane being different along the two axes. The system pressure
which acts on both membrane surfaces normal to the mem-
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brane surface, has no direct influence on the reading of the
differential pressure, since this pressure acts in the same
manner on both surfaces of the membrane. The system pres-
sure has essentially an influence on the measurement result,
only to the extent that it acts on the end-faces of the carrier or
substrate at the edge of the membrane in a direction parallel to
the membrane surface. If then, the membrane is designed
such that it has a different deformation behaviour along the
two axes, the forces which act on the edges of the substrate
and which act on the membrane in a direction parallel to its
surface, lead to different stresses along the two axes of the
membrane surface normal to one another, on account of the
differently long edges. Advantageously, the stresses or forces
in the one direction are significantly larger than in the other
direction, so that the low forces may be neglected. This per-
mits stress changes to be able to be detected on account of the
system pressure also with bi-directional measurement ele-
ments in the middle or in the central region of the membrane.
Even if the previously described design of the membrane is
particularly advantageous with the use of bi-directional mea-
surement elements, it may also be applied to unidirectional
measurement elements.

The first and second measurement elements are advanta-
geously connected to one another into a common bridge
circuit, for example a Wheatstone bridge circuit. This has the
advantage that the sensor only emits an output signal which is
proportional to the differential pressure to be detected. This
output signal is already corrected from the influence of the
system pressure acting on both sides of the membrane. It is
therefore not necessary to determine the differential pressure
and system pressure independently of one another, and to
subsequently process the two respective signals such that the
influence of the system pressure on the detected differential
pressure value is compensated. However, it is also possible
with the design according to the invention, to provide con-
nection points in a common circuiting of the first and second
measurement elements, at which a signal which is propor-
tional to the system pressure may be tapped, in order to be
able to also determine the system pressure with regard to
numbers.

The first and the second measurement elements are par-
ticularly preferably connected to one another in a Wheatstone
bridge circuit, wherein in each case one of the first and one of
the second measurement elements are arranged connected in
series in each branch of the bridge circuit. In this manner, the
output values of the first and the second measurement element
add in each branch of the bridge circuit. In the case of mea-
surement resistances, thus for example the resistances of the
first and the second measurement element add in each branch
of the bridge circuit.

Preferably, two measurement elements which have output
signals with a different polarity are connected in series in each
branch of the bridge circuit. This permits the output signals of
the measurement elements connected in series to be sub-
tracted in the branch of the bridge circuit.

Preferably, the measurement elements are arranged in a
region or regions of the membrane, in which the largest defor-
mation occurs when impinged by pressure. As mentioned
above, the membrane may be designed such that it has a
different strain- or deformation behaviour along two axes
normal to one another. In this case, the measurement elements
are arranged for example along a zone, in which the greatest
deformation behaviour of the membrane occurs with a pres-
sure impingement. In this manner, the sensitivity and mea-
surement accuracy of the pressure sensor is increased. Fur-
thermore, the measurement elements are also arranged in the
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edge region of the membrane, where the largest deformations
or stresses occur given a pressure impingement of the mem-
brane.

A different deformation- or strain behaviour of the mem-
brane on pressure impingement along the two axes normal to
one another may for example be achieved by way of the
membrane in the direction of the second axis having a greater
length than in the direction of the first axis normal to the
second axis. Such a membrane formed in an elongate manner,
which is firmly clamped in the carrier, has such a deformation
behaviour with pressure impingement, that the stresses in the
direction of the first, i.e. short axis are larger than in the
direction of the second, i.e. long axis. In particular, the influ-
ence of the system pressure which acts on the edges of the
carrier or of the substrate thus leads to different stresses or
strains along the two axes of the membrane. The measure-
ment elements are preferably arranged in the direction of the
short axis and where appropriate are aligned such that they
detect the stress- or strain changes in the direction of the short
axis.

Such a membrane with different axis lengths may for
example be designed rectangularly or also elliptically, or in
any other shape with different axis lengths.

The length ratio of the two lengths of the membrane in the
direction of the second and first axis lie between 1.2 and 4,
particularly preferably at about 2.5. With these length ratios,
one succeeds in the stresses occurring with pressure impinge-
ment being significantly larger in the direction of the first, i.e.
shorter axis, than in the direction of the long axis.

The first and second measurement elements are usefully
arranged in the direction of the second axis seen in the middle
region of the membrane. With a membrane with a different
length in the direction of the two axes normal to one another,
the second axis is that axis which has the greatest length. This
means that the measurement elements are arranged in a zone
which is situated essentially in the middle region of the long
axis, and extends in the direction of the short axis from one
side of the membrane to the opposite side of the membrane.
This is the region in which the largest stresses or deformations
occur with a pressure impingement of the membrane.

The membrane is particularly preferably designed rectan-
gular with two differently long sides or axes, by which means
one succeeds in uniform stresses or stress changes prevailing
in the middle region of the long axis, in which preferably the
measurement elements are arranged, given a pressure
impingement, and these may be detected by all measurement
elements. With the use of a semiconductor substrate as a
material for the membrane as has been described above, the
membrane formed rectangularly with different edge lengths
is preferably arranged such that its edges extend in <110>-
direction.

A further possibility of designing a membrane with a dif-
ferent deformation behaviour in the direction of two axes
normal to one another is by way of designing the membrane
differently thick in different regions, so that it has a different
deformation behaviour in different directions. Thereby, the
membrane is preferably likewise designed such that given a
pressure impingement, larger stresses in the membrane occur
in the direction of the first axis than in the direction of a
second axis normal to the first axis. The arrangement of the
measurement elements is then usefully effected as already
described above, in the direction of the axis in which the
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greatest deformation or stress occurs with a pressure
impingement, in particular by way of the effect of the system
pressure.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read in conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown in the
drawings embodiments which are presently preferred. It
should be understood, however, that the invention is not lim-
ited to the precise arrangements and instrumentalities shown.

In the drawings:

FIG. 1 a schematic plan view of a pressure sensor designed
according to the invention, according to a first embodiment,

FIG. 2 a schematic plan view of a pressure sensor designed
according to the invention, according to a second embodi-
ment,

FIG. 3 a schematic plan view of a pressure sensor designed
according to the invention, according to a third embodiment,

FIG. 4 a schematic plan view of a pressure sensor designed
according to the invention, according to a fourth embodiment,

FIG. 5 a schematic plan view of a pressure sensor designed
according to the invention, according to a fifth embodiment,

FIG. 6 a schematic plan view of a pressure sensor designed
according to the invention, according to a sixth embodiment,

FIG. 7 schematically, the circuiting of the measurement
elements of the pressure sensor according to FIG. 1 to 6,

FIG. 8 the course of the stress in the membrane on account
of a differential pressure acting on the membrane,

FIG. 9 the course of the stress in the membrane on account
of'asystem pressure acting on both sides of the membrane and

FIG. 10 schematically, the stresses on account of the sys-
tem pressure, at three positions of the membrane,

FIG. 11 schematically, the stresses on account of the dif-
ferential pressure, at three locations of the membrane.

FIG. 12 schematically, the stresses on account of the sys-
tem pressure and on account of the differential pressure, at
three locations of the membrane

FIG. 13 schematically, a combined signal and

FIG. 14 a schematic plan view of a pressure sensor similar
to that pressure sensor shown in FIGS. 1 and 4, with which
addition connections are provided for reading out the system
pressure.

DETAILED DESCRIPTION OF THE INVENTION

The pressure sensor according to the invention explained
by way of the figures comprises a carrier or a substrate 2 of'a
semiconductor material, in whose middle region a rectangu-
lar membrane 4 is formed as one piece with the carrier 2 by
way of thinning. The membrane is designed such that in the
direction of the axis y, it has a greater edge length than in the
direction of the axis x. The membrane in a known manner
may be impinged from both surfaces with a pressure, in order
to be able to determine the differential pressure between the
two pressures prevailing at the opposite surfaces of the mem-
brane, on account of the deflection of the membrane. For this,
eight measurement elements in the form of measurement
resistances are arranged on the membrane. With regard to the
embodiment examples according to FIG. 1 to 3, the measure-
ment resistances are formed by way of doping the semicon-
ductor material as piezoresistive elements directly in the
membrane surface. Four measurement resistances R, are
arranged closer to the long sides 6 lying opposite one another.
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Four further, second measurement resistances R; are
arranged further distanced from the edges or corners of the
membrane 4. All eight measurement resistances R, and R are
arranged along a strip in the direction of the short axis x of the
membrane in roughly the middle of the long sides 6. This,
with the shown rectangular membrane with differently long
side edges, is the region in which the largest stresses occur
given a pressure impingement. The stresses in the direction of
the axis y are significantly smaller.

In each case four measurement resistances R; and mea-
surement resistances R; are provided with the embodiment
examples according to FIGS. 1 and 6, of which in each case
two R, _and R;_ have an output signal with a negative polar-
ity, and the two others R | , and R, have an output signal with
a positive polarity. This, with the measurement elements in
the form of measurement resistances, means that with a
change of stress, the resistance of the measurement resis-
tances reduces with a negative output signal, whilst it
increases with the measurement resistances with a positive
output signal. With the measurement resistances shown in
FIG. 1to 3, as mentioned above, it is the case of piezoresistive
measurement elements which are produced by way of doping
in the semiconductor substrate of the membrane 4, for
example a silicon monocrystal with surfaces in the 100-level,
wherein the measurement elements or the strain recorders R
and R; are n-doped. With these doped measurement record-
ers, the differing polarities of the output signal are achieved
by way of the measurement elements being directed rotated
by 90° to one another in the membrane surface. This is rep-
resented in the FIG. 1 to 3, in which the measurement ele-
ments R, and R;_ are directed in the direction of the y-axis,
and the measurement elements R | , and R, are directed in the
direction of the x-axis. The doped measurement recorders, as
are used with the embodiment examples according to FIG. 1
to 3, always measure a total stress condition in the direction of
the x- and the y-axis. For this reason, it is advantageous with
these measurement recorders, for the membrane to be
designed in the described rectangular manner with two dif-
ferently long side edges, so that the stresses acting on the
measurement elements in the direction of the x-axis are larger
than the stresses acting in the direction of the y-axis.

With the embodiment examples according to FIG. 4 to 6,
strain-measurement strips for example of polysilicon, depos-
ited on the surface of the membrane, are applied. The change
of polarity with these strain measurement strips may be
achieved by way of using strain measurement strips which
increase their measurement resistance on straining, and using
those which reduce their measurement resistance on strain-
ing, i.e. would increase their measurement resistance on com-
pression, as second strain measurement strips. In this manner,
with strain measurement strips, one may also realise an
arrangement as is shown in the FIGS. 4 to 6, with which one
applies measurement resistances R; and R, which have a
negative output signal with strain, and measurement resis-
tances R, , and R;, which have a positive output signal with
strain.

The arrangement or the design of the measurement resis-
tances R, and R, with a different polarity has the purpose of
being able to subtract the signals of the individual measure-
ment resistances from one another in the circuit. This means
that the computation of the output signals of the individual
measurement resistances R, and R; may be realised in a
simple bridge circuit. Thereby, as is explained by way of FIG.
7, it is important for a measurement resistance with a positive
output signal, and a measurement resistance with a negative
output signal, to be arranged in each branch of the bridge
circuit. Thereby, the allocation of positive and negative output
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signals with the measurement resistances R; and R; may be
the other way round to those in FIG. 1 to 6.

Furthermore, the FIGS. 1 to 6 show three different arrange-
ments of the measurement resistances R, and R; along the
axis X. With the embodiment examples according to FIGS. 1
and 4, the outer measurement resistances R, are arranged
directly on the edge region R of membrane, whilst the mea-
surement resistances R, are arranged in the middle region or
the central region M. With the embodiment according to
FIGS. 2 and 5, the outer measurement resistances R, are
arranged in a neutral region N which is situated in the direc-
tion of the axis x between the edge region R and the middle
region M of the membrane. With the third arrangement pos-
sibility according to FIGS. 3 and 6, the outer measurement
resistances R are arranged in the edge region R, and the inner
measurement resistances R; in the neutral region N of the
membrane 4. The measurement principle resulting from these
arrangements of the measurement resistances R; and R; is
explained later by way of the FIGS. 8 to 13.

The four measurement resistances R, and the four mea-
surement resistances R, are connected to one another into a
common bridge circuit according to FIG. 7, with the embodi-
ment examples according to FIG. 1 to 6. Accordingly, four
electrical connections 8, 10, 12 and 14 are arranged on the
substrate. As is represented by the strip conductors indicated
in FIG. 1 to 6, as well as the circuit in FIG. 7, the eight
measurement resistances R; and R; are connected into a
Wheatstone bridge circuit such that a measurement element
R, which is arranged closer to the edge region of the mem-
brane 4, and a measurement element R, which is arranged
closer to the central or middle region of the membrane 4, are
connected to one another in each of the four branches A, B, C
and D. The measurement elements R, and R, in the branches
A, B, C, D of the bridge circuit are in each case connected in
series. As explained previously, in each case a measurement
resistance R, or R;, with a positive output signal, and a
measurement resistance R, or R;_ with a negative output
signal are arranged connected in series, so that the output
signals of the two measurement resistances arranged in the
same branch of the bridge circuit are subtracted on account of
the different polarity. When in the description, one speaks of
output signals of the measurement resistances, it is here actu-
ally the case of the resistance changes occurring on account of
the stress- or strain changes, which are negative at the resis-
tances R,_ and R,_, and are positive at the measurement
resistances R, and R, . The branch A is for example repre-
sented by way of the dashed boundary also in FIG. 110 6. A
measurement resistance R | , with a positive output signal and
which is situated closer to the edge of the membrane, and a
measurement resistance R, with anegative output signal and
which is situated closer to the middle of the membrane 4, are
arranged in the branch A. The measurement resistances R,
and R;_ lying opposite in a point-symmetrical manner to their
middle point are accordingly arranged in branch C of the
bridge circuit. The resistances R, and R, _ are arranged in the
same manner in each case in the branches B and D of the
bridge circuit.

A measurement current I is applied to the electrical con-
nections 10 and 12. An output voltage V,, proportional to the
differential pressure acting on both membrane surfaces may
be tapped between the electrical connections 8 and 14. By
way of the inventive arrangement of the measurement ele-
ments or measurement resistances R; and R, in the bridge
circuit shown in FIG. 7, on determining the differential pres-
sure on account of the deflection of the membrane, one takes
into account the system pressure acting on both membrane
sides and on the substrate 2 at the periphery of the membrane
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4, and its influence is compensated accordingly, so that the
output signal V_ ,, is already cleaned from the influence of the
system pressure.

This compensation is based on a principle explained by
way of FIGS. 8 and 9. FIGS. 8 and 9 show stress diagrams in
which the change of the total stress A(Oy3-0yy) is plotted
against the axis directions x and y of the membrane 4. The
shown diagrams thereby in each case show a quarter of the
membrane 4, i.e. the x- and y-coordinates plotted in the dia-
gram axes start counting from the middle point of the mem-
brane. FIG. 8 shows the stresses or stress changes which are
caused by the differential pressure acting on the membrane 4
between both surfaces. Thereby, one may recognise that the
stresses or stress changes due to the differential pressure, in
the region of the edge R, have a reverse polarity to the stress
changes in the central- or middle region M of the membrane.
On account of the differential pressure or on account of
changes of the differential pressure, no changes of stress
occur in the neutral region N which is situated between the
edge region R and the middle region M of the membrane (see
FIG. 110 6). The zero-crossing of the curve between the edge
region R and the middle region M lies in this point. The
amplitude in the regions R and M is essentially equal. The
measurement resistances R | are arranged in the edge region R
ofthe membrane, as shown in FIG. 1, whilst the measurement
resistances R; are arranged in the middle region M.

The absolute- or output- or system pressure which acts on
both sides or surfaces of the membrane in the same manner,
and on the end-edges of the carrier at the periphery of the
membrane, produces stress changes in the membrane which
have a course as is represented in the diagram according to
FIG. 9. Here, one may recognise that the stress changes in the
edge region R, in the neutral region N and in the middle region
M of the membrane have essentially the same amplitude and
the same polarity. The stress changes on account of the system
pressure thus have a different polarity in the middle region M
of the membrane, in which the measurement resistances R,
are arranged, than the stress changes caused on account of the
system pressure in this region M. These different polarities of
the stress changes are used in the circuit of the measurement
resistances R, and R; explained by way of FIGS. 1 to 7, to
compensate the influence of the system pressure on the mea-
surement result of the differential pressure.

The compensation principle is now explained in more
detail by way of FIG. 10 to 13. FIG. 10 shows the stress
changes A at the edge region R, in the neutral region N, and
in the middle region M of the membrane 4, on account of the
influence of the system pressure, as described by way of FIG.
9. One may once again recognise in the schematic represen-
tation according to FIG. 10, that the stress changes Ag in the
three regions R, N and M of the membrane 4 have essentially
the same amplitude and the same polarity. FIG. 11 accord-
ingly in a schematic representation shows the stress changes
Ap, in the edge region R, in the neutral region N and in the
middle region M of the membrane 4, which are caused by the
differential pressure acting on the membrane 4. As explained
by way of FIG. 8, the stress changes have an opposite polarity
on account of the differential pressure in the edge region R
and in the middle region M, whilst no stress changes occur in
the neutral region N on account of the differential pressure.

The stress changes A, and Agaccording to FIGS. 10 and 11
are now represented in a common diagram in the diagram
according to FIG. 12, in which one may recognise that the
stress changes Ag and A, have different polarities in the
middle region M of the membrane 4, whilst they have the
same polarity in the edge region R of the membrane 4. If the
differential pressure impingement were to act on the mem-
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brane 4 in a reverse manner, this would be exactly the other
way round, i.e. Agand A, would have different polarities in
the edge region R and the same polarity in the middle region
M.

The signal change A which results by subtraction of the
stress changes in the edge region R, in the middle region M
and/or the neutral region N of the membrane 4 as is carried out
in the previously mentioned Wheatstone bridge circuit in a
branch, is represented schematically in FIG. 13. In the case
that the measurement resistances R are arranged in the edge
region R and the measuring resistances R; in the middle
region M of the membrane (according to FIG. 1 and FIG. 4),
in the left bar in FIG. 13, one may recognise that with the
subtraction of the stress changes A;and A, on account of the
different polarity of the stresses A, in the edge region R and
in the middle region M, an addition of the magnitudes of the
stress changes A, in the edge region R and the middle region
M occurs, whilst the influence of the system pressure Ag is
compensated on account of the same amplitude and the same
polarity in the edge region R and in the middle region M.

If'the measurement resistances R, are arranged in the neu-
tral region N and the measurement resistances R; in the
middle region M (according to FIG. 2 and FIG. 5), then the
signal change A occurs with the subtraction of the signals,
which is represented by the middle bar in FIG. 13. Here too,
the influence of the system pressure A is eliminated by sub-
traction, and A, corresponds to the magnitude of the stress
change A, in the middle region M, since the stress change A,
is zero in the neutral region.

If the measurement resistances R, are arranged in the edge
region R and the measurement resistances R; in the neutral
region N of the membrane 4 (according to FIG. 3 and FIG. 6),
then the signal change A, arises, which is represented in the
right bar in FIG. 12, when the signals A, and A in the neutral
region are subtracted from those in the edge region. Due to the
same polarity and the same amplitude of the stress changes
Ag, their influence is eliminated, and A, corresponds to the
signal change on account of the differential pressure A, in the
edge region R. In this manner, the influence of the system
pressure Ag may be eliminated or compensated by way of
connecting the measurement resistances R, and R;. The sub-
traction of the stress changes A and A, in the individual
regions of the membrane from one another is eftected in that,
as already previously described, the measurement resistances
R, and R; in pairs have output signals with a different polarity,
and are connected to one another in the Wheatstone bridge
circuit according to FIG. 7.

FIG. 14 shows a special embodiment of the invention with
which the resistances R, and R, are connected according to
the embodiment explained in the FIGS. 1 and 6. With the
embodiment according to FIG. 14, in addition to the electrical
connections 8, 10, 12, 14, four further connections 18 are
provided, which in each case are applied between the resis-
tances R, and R;, orR,_and R, in the branches A, B, C and
D of the measurement bridge according to one of the FIGS. 1
and 6. These electrical connections 18 may be used to also
detect the system pressure as an individual variable, addition-
ally to the compensated differential pressure detected by way
of the electrical connections 8, 10, 12, 14.

In the shown example, the membrane 4 is designed in an
elongate and rectangular manner. Alternatively, the mem-
brane 4 may also be designed such that it is for example
designed in an elliptical manner, wherein the long axis
extends in the directiony and the short axis of the ellipse in the
direction of the axis x. Furthermore, it is also possible to
design the membrane in a different manner, for example by
way of different thicknesses, such that given deformation, the
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stresses occurring in the direction of the axis x are larger than
in the direction of the axis y. For the case that measurement
resistances or measurement elements R, and R; are used
which are in the position of only detecting the stresses in the
direction of the axis x, the membrane may also be designed
such that the stresses or stress changes occurring in the direc-
tion of the axes x and y on impinging with pressure are equally
large, i.e. for example a square or round membrane may be
used.

Itwill be appreciated by those skilled in the art that changes
could be made to the embodiments described above without
departing from the broad inventive concept thereof. It is
understood, therefore, that this invention is not limited to the
particular embodiments disclosed, but it is intended to cover
modifications within the spirit and scope of the present inven-
tion as defined by the appended claims.

We claim:

1. A pressure sensor with a carrier (2), which in an inner
region comprises a membrane (4) on which at least one first
measurement element (R, _) for detecting a pressure impinge-
ment of the membrane (4) is arranged, wherein additionally,
at least one second measurement element (R,_) for detecting
a pressure impingement of the membrane (4) is arranged on
the membrane (4), wherein the first measurement element
(R,_) is spaced apart a first distance from the edge of the
membrane (4) and the second measurement element (R,_) is
spaced apart a second distance from the edge of the mem-
brane (4), the first and second distances being different, and
the output signals of the first and the second measurement
elements (R, , R;_) are evaluated together in a manner to
detect at least one of a differential pressure acting on the
membrane (4) compensated by the influence of system pres-
sure acting on both sides of the membrane (4) and a system
pressure acting on both sides of the membrane (4).

2. A pressure sensor according to claim 1, wherein the at
least one first measurement element (R, _) is arranged in an
edge region (R) of the membrane (4), and the at least one
second measurement element (R;_) is arranged in a central
region (M) or in a neutral region (N) of the membrane (4)
situated between the edge region (R) and the central region
M.

3. A pressure sensor according to claim 1, wherein the at
least one second measurement element (R;_) is arranged in a
central region (M) of the membrane (4), and the at least one
first measurement element (R, _)is arranged in an edge region
(R) or in a neutral region (N) of the membrane (4) situated
between the edge region (R) and the central region (M).

4. A pressure sensor according to claim 1, wherein four first
measurement elements (R, _, R, ,) and four second measure-
ment elements (R;_, R;,) are arranged on the membrane (4),
which are connected to one another in a bridge circuit.

5. A pressure sensor according to claim 4, wherein each of
the four first (R,_, R,,) and the four second measurement
elements (R;_, R;,) are designed or arranged such that two
(R,_,R;,) of the measurement elements have an output signal
with a positive polarity, and two (R, R;_) of the measure-
ment elements have an output signal with a negative polarity.

6. A pressure sensor according to claim 1, wherein the
membrane (4) along a first axis (x) has a different deformation
behavior upon pressure impingement than along a second
axis (y) extending normal to the first axis (x).

7. A pressure sensor according to claim 1, wherein the at
least one first (R;_, R, ,) and at least one second (R;_, R;,)
measurement elements are connected to one another in a
common bridge circuit.

8. A pressure sensor according to claim 7, wherein the at
least one first (R;_, R,,) and at least one second (R;_, R;,)
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measurement elements are connected to one another in a
Wheatstone bridge circuit, and wherein one of the first (R, _,
R,,)and one of the second (R;_, R;,) measurement elements
are arranged connected in series in each branch (A, B, C, D)
of the bridge circuit.

9. A pressure sensor according to claim 8, wherein two
measurement elements having output signals with a different
polarity are connected in series in each branch (A, B, C, D) of
the bridge circuit.

10. A pressure sensor according to claim 7, wherein the
bridge circuit comprises electrical connections (18) which are
used to detect the system pressure as an individual variable.

11. A pressure sensor according to claim 1, wherein the
measurement elements (R, R,) are arranged in a region of the
membrane (4) in which the greatest deformation occurs dur-
ing pressure impingement.

12. A pressure sensor according to claim 1, wherein the
membrane (4) defines a first axis (x) and a second axis (y), and

14

the membrane (4) in the direction of the second axis (y) has a
greater length than in the direction of the first axis (x).

13. A pressure sensor according to claim 12, wherein the
ratio of the lengths of the membrane (4) in the direction of the
second axis (y) and in the direction of the first axis (X) is
between 1.2 and 4, preferably at 2.5.

14. A pressure sensor according to claim 12, wherein the
first and second measurement elements (R, _, R;_) seeninthe
direction of the second axis (y), are arranged in the middle
region of the membrane (4).

15. A pressure sensor according claim 12, wherein the
membrane (4) is designed in a rectangular manner.

16. A pressure sensor according to claim 1, wherein the
membrane (4) is designed differently thick in order to have
different deformation behavior in the directions of two axes

X ).



